DNA and nucleotide-induced conformational changes in the Escherichia coli Rep and helicase II (UvrD) proteins.
The domain structures of the Escherichia coli Rep and Helicase II proteins and their ligand-dependent conformational changes have been examined by monitoring the sensitivity of these helicases to proteolysis by trypsin and chymotrypsin. Limited treatment of unliganded Rep protein (73 kDa) with trypsin results in cleavage at a single site in its carboxyl-terminal region, producing a 68-kDa polypeptide which is stabilized in the presence of ATP, ADP, or adenosine 5'-O-thiotriphosphate) (ATP gamma S). The purified 68-kDa Rep tryptic polypeptide retains single-stranded (ss) DNA binding, DNA unwinding (helicase), and full ATPase activities. When bound to ssDNA, the Rep protein can be cleaved by trypsin at an additional site in its carboxyl-terminal region, producing a 58-kDa polypeptide that also retains ssDNA binding and ATPase activities. This 58-kDa Rep tryptic polypeptide can also be produced by further tryptic treatment of the 68-kDa Rep tryptic polypeptide when the latter is bound to ssDNA. This 58-kDa polypeptide displays a lower affinity for ssDNA indicating that the 10-kDa carboxyl-terminal peptide facilitates Rep protein binding to ssDNA. The 58-kDa Rep tryptic polypeptide is also stabilized in the presence of nucleotides. Based on these and previous studies that showed that the 68-kDa Rep tryptic polypeptide cannot support DNA replication in a system that is dependent upon the phi X174 cis-A protein (Arai, N. & Kornberg, A. (1981) J. Biol. Chem. 256, 5294-5298), we conclude that the carboxyl-terminal end (approximately 5 kDa) of the Rep protein is not required for its helicase or ATPase activities. However, we suggest that this region of the Rep protein is important for its interactions with the phi X174 cis-A protein. Limited treatment of unliganded Helicase II protein (82 kDa) with chymotrypsin results in cleavage after Tyr254, producing a 29-kDa amino-terminal polypeptide and a 53-kDa carboxyl-terminal polypeptide, which remain associated under nondenaturing conditions. This chymotrypsin cleavage reduces the ssDNA binding activity and eliminates the ssDNA-dependent ATPase and helicase activities of the Helicase II protein. The binding of ATP, ADP, ATP gamma S, and/or DNA to Helicase II protein results in protection of this site (Tyr254) from cleavage by chymotrypsin. Limited treatment of Helicase II protein with trypsin results in cleavage near its carboxyl-terminal end producing two polypeptides with apparent Mr = 72,000, in a manner similar to that observed with the Rep protein; these polypeptides are also stabilized by binding ATP or single-stranded DNA.(ABSTRACT TRUNCATED AT 400 WORDS)